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SUMMARY
P r o d u c t i o n  o f  f i s h  f i n g e r s  from cod s a w d u s t  w a s t e  and m in ced  w h i t i n g  was 
s t u d i e d  u n d e r  i n d u s t r i a l  c o n d i t i o n s .  D u r in g  t h e  p r o d u c t i o n  o f  m inced  
w h i t i n g ,  bone  s e p a r a t i o n  was v e r y  c o n t a m i n a t i n g .  B e f o r e  c u t t i n g ,  c o o l i n g  
o f  t h e  raw  m a t e r i a l  was n e c e s s a r y .
The raw m a t e r i a l  and  t h e  u n f r i e d  f i s h  f i n g e r s  were  o f  e x c e l l e n t  c h e m i c a l  
q u a l i t y .
From t h e  b a c t e r i o l o g i c a l  p o i n t  o f  vue t h e  a d d i t i o n  o f  b a t t e r  and  b r e a d ­
crumbs was t h e  most  i m p o r t a n t  s o u r c e  o f  c o n t a m i n a t i o n .
F i s h  f i n g e r s  p r o d u c e d  w i t h  100 % m inced  w h i t i n g  and  t h o s e  w i t h  a  7 5 / 2 5  
( w h i t i n g / c o d )  c o m p o s i t i o n  were  r e j e c t e d  by  t h e  t a s t e  p a n e l  f o r  t h e i r  
r u b b e r y  d r y  t e x t u r e .
From a  5 0 / 5 0 ,  2 5 / 7 5  ( w h i t i n g / c o d )  and  100 % cod  s a w d u s t  c o m p o s i t i o n  an  
a c c e p t a b l e  p r o d u c t  c o u l d  be  d e v e l o p p e d .
INTRODUCTION
I n  B e lg iu m  ' w h i t i n g  i s  t r a d i t i o n a l l y  d i s t r i b u t e d  i n  f r e s h  c o n d i t i o n s  t o  
t h e  c o n s u m e r .  S p e c i m e n s  o f  large s i z e  a r e  t a k e n  f o r  t h e  p r o d u c t i o n  o f  
s a l t e d  and  d r i e d  f i s h  and  30 % i s  u s e d  by t h e  f i s h - m e a l
F o r  t h i s  r e a s o n  we l o o k e d  o u t  f o r  t h e  t r a n s f o r m a t i o n  o f  w h i t i n g  t o  c o n v e n i e n t  
f i s h  p r o d u c t s .
The p r o d u c t i o n  o f  m in ced  w h i t i n g  was a l r e a d y  d e s c r i b e d  by  DECLERCK ( 1 ) .  
MENDELSON (2 )  s t u d i e d  t h e  p r o d u c t i o n  o f  f i s h  c a k e s  and  s a l t  c u r e d  f i s h  
from m in ced  w h i t i n g .  The same a u t h o r  (3 )  a l s o  d e s c r i b e d  t h e  s t a b i l i t y  
o f  ca n n e d  m inced  w h i t i n g  and  TURGUT (*0 u s e d  m u t to n  t a l l o w  f a t  i n  w h i t i n g  
s a u s a g e s .
T h i s  p a p e r  d i s c u s s e s  t h e  p r o d u c t i o n  o f  f i s h  f i n g e r s  b a s e d  on m inced  w h i t i n g  
and cod  s a w d u s t  w a s t e .  Cod s a w d u s t  w a s t e  was t h e  o t h e r  raw m a te r ia l  t h a t
was u s e d  i n  o u r  e x p e r i m e n t s .  T h i s  i s  an i m p o r t a n t  l o s s  due t o  t h e  f i s h
f i n g e r  p r o d u c t i o n  from f r o z e n  cod  b l o c k s .  The q u a l i t y  o f  cod  s a w d u s t  
was a l r e a d y  s t u d i e d  by  DECLERCK (5 )«
1 . MATERIALS AND METHODS
1 . 1 .  T e c h n o l o g i c a l  p r o o e s s .
The p r o d u c t i o n  o f  f i s h  f i n g e r s  h a s  b e e n  r e a l i z e d  by  means o f  two d i f f e r e n t  
raw  m a t e r i a l s ,  v i z .  s e p a r a t e d  w h i t i n g  ( M e r l a n g u s  m e r l a n g u s )  and  s a w d u s t  
w a s t e  o f  cod  (Gadus morhua  L . ) .  The s e p a r a t i o n  was c a r r i e d  o u t  w i t h  a 
" B a a d e r  6 9 ^ "  b one  s e p a r a t o r  and  a  drum w i t h  h o l e s  o f  5 mm d i a m e t e r  was u s e d .  
The s a w d u s t  was r e c u p e r a t e d  d u r i n g  t h e  p o r t i o n i n g  p r o c e s s  o f  f r o z e n  cod
b l o c k s  (5 )«  To t h e  p r e p a r e d  m i x t u r e s ,  a d d i t i v e s  a s  m anuco l  DM ( 0 , 5  %),
c a l c i u m  c h l o r i d e  ( 0 , 1 2 3  %), m o n o s o d iu m g lu ta m a te  , s a l t  and p e p p e r  were 
a d d e d .  A f t e r  one d a y ' s  c o n s e r v a t i o n  a t  0 °C t h e  m i x t u r e s  were  e x t e n d e d  
and  p o r t i o n e d  a u t o m a t i c a l l y .  The f i s h  f i n g e r s  were  im mersed  i n  b a t t e r  
and c o v e r e d  w i t h  b r e a d - c r u m b s .  A f t e r  f r e e z i n g  t h e  f i s h  f i n g e r s  were  p a c k e d  
and s t o r e d  a t  - ^ 0  °C ( f i g u r e  1 ) .
1 . 2 .  M e th o d s .
-  Dry m a t t e r  : by  t h e  m e thods  o f  t h e  AOAC ( 6 ) .
-  T o t a l  v o l a t i l e  b a s e s  (TVN) : b y  t h e  method  o f  LÜCKE and GEIDEL (7)  a s  
m o d i f i e d  by  A n t o n a c o p o u l o s  ( 8 ) .
-  P r o t e i n  c o n t e n t  : a c c o r d i n g  t h e  m e th o d s  o f  AOAC ( 6 ) .
-  M i c r o b i o l o g i c a l  a s s e s s m e n t s  : -  t o t a l  b a c t e r i a l  c o u n t s  a t  20 °C and 37 °C
-  t h e  t o t a l  numbers  o f  E n t e r o b a c t e r i a c e a e ,  
S t a p h y l o c o c c i ,  C o l i ,  f a e c a l  S t r e p t o c o c c i ,  Y e a s t s  and m oulds  b y  t h e  m e thods  
d e s c r i b e d  by  MOSSEL and  TAMMINGA ( 9 ) .
-  H y p o x a n t h i n e  : a c c o r d i n g  t o  t h e  method  o f  JONES e t  a l .  ( 1 0 ) .
-  B.one  c o n t e n t  i n  m in ced  f i s h  : b y  t h e  me thod  o f  DINGLE, J . R .  e t  a l .  ( 1 1 ) .
-  O r g a n o l e p t i c a l  a s s e s s m e n t  : -  f r o z e n  f i s h  f i n g e r s  were  deep  f r i e d  i n  
c o m m e rc i a l  v e g e t a b l e  o i l  f o r  5 min» a t  180 ° C
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EXTRUDING
f
FROZEN FISHFINGERS ( . 2 8 #C)
-  p a n e l i s t s  r a t e d  e a c h  c o n s t i t u e n t  f o r  c o l o u r ,  
f l a v o u r ,  t a s t e  and  t e x t u r e  on s t a n d a r d  n i n e  p o i n t  h e d o n i c  s c a l e s .
(9 = l i k e  e x t r e m e l y ,  1 = d i s l i k e  e x t r e m e l y ) ( 1 2 ) .
2 .  RESULTS AND DISCUSSION
2 . 1 .  T e c h n o l o g i c a l  r e s u l t s .
From t h e  g u t t e d ,  h e a d e d  and  washed w h i t i n g  8 3 , 5  % m inced  f i s h  was 
r e c u p e r a t e d .  The bone  c o n t e n t  was 0 , 2 2  % ( t a b l e  1 ) .  A f t e r  s e p a r a t i n g ,  
w a s h in g  was n o t  n e c e s s a r y .  The t e m p e r a t u r e  a f t e r  t h e  s e p a r a t i o n  p r o c e s s  
i n c r e a s e d  u n t i l  1 5 , 5  °C .  The m in ced  w h i t i n g  r e a c h e d  1 °C a f t e r  a  2k h o u r s '  
r e f r i g e r a t i o n .  I n  o r d e r  t o  o b t a i n  an a c c e p t a b l e  homogeneous  m ass ,  c u t t i n g  
p r o c e s s  t i m e  must  be  a t  l e a s t  2 m i n u t e s .  D u r in g  t h e  c u t t i n g  p r o c e s s  t h e  
t e m p e r a t u r e  o f  t h e  m i x t u r e  i n c r e a s e d  c a  3 °C.
T a b l e  1 -  D e t e r m i n a t i o n  o f  t h e  r e c u p e r a t i o n  c a p a c i t y  and  bone  c o n t e n t  of  
g u t t e d  and  h e a d e d  w h i t i n g  by  means o f  a  bone  s e p a r a t o r .
Form
I n i t i a l  
w e i g h t  
i n  kg
R e c u p e r a t i o n  
a f t e r  s e p a r a t i o n  
i n  kg
R e c u p e r a t i o n  
i n  %
Bone 
c o n t e n t  
i n  %
G u t t e d
and
h e a d e d
w h i t i n g
2 9 ,6 2 k , 7
I
8 3 , 5 0 , 2 2
The l o s s e s  o c c u r r i n g  d u r i n g  t h e  p o r t i o n i n g  p r o c e s s  o f  f r o z e n  cod b l o c k s  
a r e  i n c l u d e d  i n  t a b l e  2 .  S aw dus t  w a s t e  i s  t h e  mos t  i m p o r t a n t  l o s s  (3 %)• 
On t h e  o t h e r  hand  r e s t  p i e c e s  ( 0 , 7  %) and l o s s e s  a l o n g  t h e  mov ing  band  
( 1 , k  %) were  n o t e d .
T a b l e  2 -  A v e ra g e  l o s s  i n  w e i g h t  by  p o r t i o n i n g  o f  f r o z e n  cod  b l o c k s  i n  
f i s h  s t i c k s  o f  100 g»
W eigh t  o f  t h e  
c o d b l o c k s Saw dus t
R e s t
p i e c e s
L o s s e s  a l o n g  
moving  b and
T o t a l
p o r t i o n i n g
l o s s e s
I n  k g  1 0 x 1 1 , 6  
I n  % 100
3 , 5
3
0 , 8  
0 , 6 8
1 , 6  
1 , 3 7
5 , 9
5 , 0 5
2 » 2 .  O r g a n o l e p t i o  a s s e s s m e n t .
A f t e r  f r y i n g  t h e  b r e a d - c r u m b s  l a y e r  a d h e r e d  t o  t h e  f i s h  f l e s h  and  no 
w a t e r  f o r m a t i o n  u n d e r  t h e  l a y e r  was o b s e r v e d .  The f i s h  f i n g e r s  p r o d u c e d  
w i t h  100 % r e c u p e r a t e d  cod sawdust  w a s t e  were  more a c c e p t a b l e  t h a n  t h e  
f i s h  f i n g e r s  made w i t h  100 % m in ced  w h i t i n g .
The t e x t u r e  o f  t h e  f i s h  f i n g e r s  w i t h  100 % cod s a w d u s t  was e x c e l l e n t  
and no d e f o r m a t i o n s  o r  s h r i n k i n g  a f t e r  f r y i n g  was a s c e r t a i n e d .  The t a s t e ,  
f l a v o u r  and  c o l o u r  were  t y p i c a l  f o r  c o d .
On t h e  o t h e r  hand  t h e  t e x t u r e  o f  f i s h  f i n g e r s  b a s e d  on 100 % s e p a r a t e d  
m in ced  w h i t i n g  was t o u g h  and  v e r y  e l a s t i c .  An o t h e r  i m p o r t a n t  n e g a t i v e  
a s p e c t  was t h e  i r r e g u l a r  form and  s h r i n k i n g  a f t e r  f r y i n g .  T h i s  d e f o r ­
m a t i o n  d i s a p p e a r e d  f o r  f i s h  f i n g e r s  w i t h  a  5 0 / 5 0  c o m p o s i t i o n  ( c o d / w h i t i n g ) . 
P r o b a b l y  a  d e c r e a s e  o f  t h e  a l g i n a t e  and  c a l c i u r a c h l o r i d e  c o n t e n t  s h o u l d  g i v e  
a b e t t e r  r e s u l t .  T h i s  p o s s i b i l i t y  how eve r  was n o t  e x a m in e d .  The c o l o u r  o f
t h e  f i s h  f i n g e r s  was g r e y  and  t h e  m i x in g  w i t h  t h e  w h i t e  cod s a w d u s t  c o u l d
n o t  mask t h e  g r e y  c o l o u r .
I n  o r d e r  t o  e l i m i n a t e  t h e  m e n t i o n e d  n e g a t i v e  p r o p e r t i e s  t h e  m i x i n g  o f
s e p a r a t e d  w h i t i n g  w i t h  cod s a w d u s t  was a n e c e s s i t y .  The f i s h  f i n g e r s  p r o d u c e  
w i t h  a 5 0 / 5 0  c o m p o s i t i o n  seemed t o  g i v e  an  a c c e p t a b l e  p r o d u c t  ( t a b l e  3 ) .  The 
t e x t u r e  was a c c e p t a b l e  and t h e  t a s t e ,  c o l o u r  and f l a v o u r  were i n  b e tw ee n  
t h o s e  w h i t i n g  and  c o d .
Table 3 - Results of the organoleptic assessment on fish fingers after frying
F r i e d  f i s h
f i n g e r s
c o m p o s i t i o n
T o u g h n e s s  and 
m o i s t u r e
D e f o r m a t i o n T a s t e F l a v o u r C o l o u r
100 % w h i t i n g -  t o u g h
-  v e r y  e l a s t i c
-  v e r y  d r y
-  f i s h  f i n g e r  become 
s m a l l e r  a f t e r  
f r y i n g
-  i r r e g u l a r  form
5 , 2 6 -  g r e y  (6 )
75 % w h i t i n g  
25 % cod
-  s l i g h t l y  t o u g h
-  e l a s t i c
-  d ry
-  s l i g h t  d e f o r m a t i o n s 5 , 5 6 , 5 -  g r e y  ( 6 )
50  % w h i t i n g -  a c c e p t a b l e  t e x t u r e
-  n o r m a l  m o i s t u r e
-  r e g u l a r  form
-  no d e f o r m a t i o n s
7 , 3 7 -  l i g h t  g r e y (7)
25 % w h i t i n g -  R e f e r r e d  t e x t u r e  
and  m o i s t u r e
-  r e g u l a r  form
-  no d e f o r m a t i o n s
7 , 5 7 , 5 -  g r e y  w Hting  
c o l o u r  n o t  
l y  masked
(8)
d e f i n i t e -
100  % cod -  p r e f e r r e d  t e x t u r e  
and m o i s t u r e
-  r e g u l a r  form 
no d e f o r m a t i o n s
8 8 -  w h i t e  (9)
2 . 3 .  C h e m ic a l  r e s u l t s .
T a b l e  b shows t h e  c h e m i c a l  r e s u l t s  o b t a i n e d  from t h e  raw  m a t e r i a l  and  t h e  
f i s h  f i n g e r s .  The u n f r i e d  f i s h  f i n g e r s  (m i n c e ,  b a t t e r ,  b r e a d - c r u m b s )  were  
t o t a l l y  h o m o g e n i s e d  f o r  t h e  c h e m i c a l  a n a l y s e s .
The raw m a t e r i a l  and  t h e  f i s h  f i n g e r s  were  o f  e x e l l e n t  c h e m i c a l  q u a l i t y .  
The i n c r e a s e  o f  d r y  m a t e r i a l  c o n t e n t  was due t o  t h e  a d d i t i o n  o f  b a t t e r ,  
b r e a d - c r u m b s ,  and  a d d i t i v e s  t o  t h e  raw  m a t e r i a l .  T h i s  a d d i t i o n  means 
an i n c r e a s e  o f  t h e  food  v a l u e  o f  t h e  p r o d u c t .  However t h e  i n c r e a s e  o f  t h e  
d ry  m a t t e r  d i d  n o t  r e s u l t  i n  a  e q u i v a l e n t  i n c r e a s e  o f  t h e  t o t a l  p r o t e i n  
c o n t e n t .
2 ,  b .  M i c r o b i o l o g i c a l  r e s u l t s .
The raw m a t e r i a l  u s e d  was o f  good b a c t e r i o l o g i c a l  q u a l i t y  ( t a b l e  5 ) .  A 
s t r o n g  r e d u c t i o n  o f  t h e  i n i t i a l  b a c t e r i a l  l o a d  was n o t e d  a f t e r  w a s h in g ,  
a l t h o u g h  t h e  b a c t e r i a  o f  h y g i e n i c  s i g n i f i c a n c e  d i d  n o t  d i s a p p e a r .
The s e p a r a t i o n  p r o c e s s  was one o f  t h e  w e a k e s t  l i n k s  i n  t h e  p r o d u c t i o n .
An i n c r e a s e  o f  a l l  m i c r o o r g a n i s m s  d e t e r m i n e d  was n o t e d .  T o t a l  b a c t e r i a l  
c o u n t s  a t  20 °C i n c r e a s e d  w i t h  a  f a c t o r  1 0 .  A f t e r  t h e  s e p a r a t i o n  p r o c e s s  
t h e  b a c t e r i o l o g i c a l  q u a l i t y  was s t i l l  s u f f i c i e n t  f o r  f u r t h e r  p r o c e s s i n g .  
The t o t a l  b a c t e r i a l  c o u n t s  o f  cod  s a w d u s t  w a s t e  were  a l w a y s  l o w e r  t h a n  
t h e  m in ced  w h i t i n g  c o u n t s ,  o n l y  a  h i g h e r  number o f  y e a s t s  and  moulds  
w ere  f o u n d .
C o n t a m i n a t i o n  due t o  t h e  two m i n u t e s  c u t t i n g  p r o c e s s  was v e r y  s m a l l .  The 
p r e s e n c e  o f  F a e c a l  S t r e p t o c c q c i  mus t  be  s e e n  a s  an a c c i d e n t a l  i n f e c t i o n .
An i m p o r t a n t  i n c r e a s e  o f  t h e  b a c t e r i a l  c o u n t s  a t  20 °C, t h e  y e a s t s  and 
m oulds  and  t h e  f e a c a l  S t r e p t o c o c c i  was o b s e r v e d  a f t e r  t h e  p r o d u c t i o n  o f  
f i s h  f i n g e r s  ( t a b l e  6 ) .  T h i s  i n c r e s e  i s  due t o  some m anue l  m a n i p u l a t i o n s  
d u r i n g  t h e  p r o d u c t i o n ,  c o n t a c t s  w i t h  e x t r u s i o n  m a c h in e ,  mov ing  b a n d ,  
e n v i r o n m e n t  and  e s p e c i a l l y  t h e  t r e a t m e n t  w i t h  b a t t e r  and b r e a d - c r u m b s .
8T a b l e  k -  R e s u l t  o f  t h e  c h e m i c a l  q u a l i t y  a s s e s s m e n t  o f  t h e  raw m a t e r i a l
and  u n f r i e d  f i s h  f i n g e r s  f rom s e p a r a t e d  w h i t i n g  and  r e c u p e r a t e d  cod 
s a w d u s t  w a s t e .
C o m p o s i t i o n
Dry
m a t t e r
%
T o t a l
p r o t e i n
%
TVN
mgN^
HX
mgN?á
Ash
%
F a t
%
Raw m a t e r i a l
S e p a r a t e d
w h i t i n g 1 9 , 6 1 6 , if 2 2 , 8 1 if, 1 1 ,if 0 , 2
Cod s a w d u s t 2 0 , 3 1 if , if 1 5 , 3 2 , 2 - 0 , 4 5
F i s h  f i n g e r s
100  $  w h i t i n g 32 ,1 1 3 ,7 21 ,2 - 2 , if -
75  % w h i t i n g  
25 % cod 3 2 , if 1 3 ,7 2 0 , if - 2 , 6 -
50 % w h i t i n g  
50  % cod 3 2 , 6 1 3 , if 1 8 , 6 - 2 , 8 -
25 % w h i t i n g  
75  % cod
3 2 , 8
:
1 3 , if 1 7 , 3 - 2 , 9 -
100  % cod I 3 2 , 8 1 3 , 2 1 if, 8 - 2 , 6 -
Table 5 - Total bacterial counts on the raw material and the mixtures.
Raw m a t e r i a l
T o t a l  b a c t  
c o u n t s  p / g
a t  20 °C
e r i a l  
a t  37 °C
Y e a s t s
and
m ou lds
C o l i f o r m s E .  C o l i
S t a p h y l o ­
c o c c u s
a u r e u s
F a e c a l
S t r e p t o c o c c i
G u t t e d  w h i t i n g
If
2 X 10 3 X 103 0 5 0 10 0
Headed and washed X p
w h i t i n g 3  X 10 1.
2 X 10 0 10 1 0 0
S e p a r a t e d w h i t i n g 5 X 10 7 X 103 10 25 5 15 0
Cod s a w d u s t  w a s t e 8 X 103 2 X 103 50 50 5 5 0
C o m p o s i t i o n  o f
m i x t u r e s  i n  %
S e p a r a t e d S aw dus t
w h i t i n g
100  % -
if
7 , 1  X 10 8 X 103 ifO 30 0 10 0
75  % 25 % 6 , k  X 1 0 ^ 7 , 5  X 103 75 ifO 2 10 10
50 % 50 % k , k  X 10^ i f , 5 X 103 35 ^5 0 10 0
25 % 75 % 2 , 6  X 1 0 4 3 , 5  X 103 100 15 0 0 0
- 100  %
if
1 , 2 x 10 3 X 103 75I Go 5 5 10
T a b l e  6 -  T o t a l  b a c t e r i a l  c o u n t s  on u n f r i e d  f i s h  f i n g e r s .
C o m p o s i t i o n  o f  u n f r i e d  
f i s h  f i n g e r s
T o t a l  b a c t e r i a l  
c o u n t s  p / g Y e a s t sand C o l i f o r m s E . C o l i S t a p h y l .A u reu s
F a e c a l
s t r e p t o c o c c i
s e p a r a t e d
w h i t i n g cod  s a w d u s t
a t  20 °C a t  3 7 ° C m oulds
100  % - 7 , 0x 1 0 ^
4
7 x 10 750 10 0 10 15
75 % 25 % 7 , 6 x 1 0 5 7 x10 ^ 650 10 0 15 30
50 % 50 % 7 , 0x 1 0 5 5 , 4 x 1 0 ^ 550 45 10 10 20
25 % 7 5  % 7 , 0x 105 5 , 8x 10^ 1000 15 0 5 15
- 100  % 8x 10 2 , 1x 10 750 60 5 15 35
B a t t e r 2 , 3 x 1 0 5 1 , 5 x 105 250 4o 0 5 1 20
B r e a d - c r u m b s
if
4x10 3 , 5 x 10^ 280 10 0 0 18
11.
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